A study using three inbred lines, Reaseheath C, HPRS-synthetic E and RPRL-7-2, was made to investigate the inter-relationship between the genes that regulate antigenic expression of the subgroup E endogenous virus and those that control susceptibility to infection with exogenous viruses of subgroups A, B and E.
INTRODUCTION
Avian RNA tumour viruses of the leukosis-sarcoma group carry in their cores common proteins called group specific (gs) antigen, but they differ in envelope specific antigens. On the basis of the envelope specific antigens, the RNA tumour viruses of chickens are classified under five subgroups A to E (Vogt & Ishizaki, 1965; Rubin, I965; Crittenden et al. 1967; Vogt, Ishizaki & Duff, 1967) .
Infection of chick cells with an RNA tumour virus can induce cellular gs antigen which is detected by use of the complement fixation for avian leukosis (COFAL) test (Sarma, Turner & Huebner, i964) . Leukosis free normal chick cells express gs antigen indistinguishable from the induced gs antigen (Dougherty & Di Stefano, 1966) , which provides evidence in support of the hypothesis that chick cells carry an endogenous virus genome. The classical genetic study by Payne & Chubb (I968) showed that the presence of gs antigen in chick cells is under the control of a pair of autosomal genes, gs + and gs-, gs + being dominant over the gs-and controlling positive antigenic expression. It has been shown that gs positive chick cells carry a 'helper factor' which complements the envelope defect of Bryan strain Rous sarcoma virus, resulting in the release of Rous sarcoma virus of envelope subgroup E P.K. PANI [RSV (RAV-O) ] (Weiss, I969; Hanafusa, Hanafusa & Miyamoto, 197o; Weiss et al. 1971 ) . This supports the theory that chick cells carry the genes of an endogenous virus of subgroup E (RAV-O), which may be incompletely expressed as gs antigen and helper factor.
Single gene control of susceptibility of chick cells to infection with RNA tumour viruses of subgroups A to D has been well established (Payne, 1972; Pani, I976a) . Genetic control of susceptibility of fowl to exogenous virus of subgroup E is, however, complex because of the involvement of three autosomal loci with one pair of alleles at each locus (Payne, Pani & Weiss, 1971; Pani & Payne, 1973; Crittenden, Wendel & Motta, 1973; Pani, i974a , I976b) . Three mutually independent conditions are necessary to make chick cells susceptible to exogenous RSV(RAV-O), a pseudotype of endogenous subgroup E virus: (I) cells must carry the dominant susceptibility e * gene, at the tumour virus e (tve) locus, which codes for the E receptor on the cell membrane; (2) cells must lack the dominant inhibitor I ~ gene, at the inhibitor e locus, which masks the expression of the e s gene; (3) cells must not carry two homozygous doses of the recessive b r gene, at the tumour virus b (tvb) locus, which pleiotropically suppress the expression of the e * gene while controlling resistance to infection with subgroup B virus. Chick cells lacking any one of the above three genetic conditions are resistant to infection with subgroup E virus.
In one of our earlier studies (Payne et al. I97I), we proposed that the gs + gene might be identical to the I e gene because the two genes were found to be positively associated in the E-resistant phenotypes. This view was later supported by Crittenden et al. (1973) . However, the association between the gs + and I e genes was found to be lacking in the interspecies cross between the chicken and Japanese quail where cultured cells of gs antigen positive embryos carrying the I e gene were susceptible to subgroup E virus (Pani, I975b) . Weiss (1969) reported that cellular susceptibility to infection with viruses of subgroup E or with other subgroups of avian tumour viruses is independent of the gs antigen status of cultured embryos, whereas other workers (Crittenden & Robinson, 1975) believe that the gs status of the embryos can influence the cellular susceptibility to subgroup E virus.
It is therefore necessary to understand more about the nature of the association between the gs antigen genes that regulate the partial expression of the endogenous virus of subgroup E and those that control susceptibility to infection with exogenous viruses of subgroups A to E. In the presence of the 1 * gene, which is widespread in various strains of fowl (Payne et aL 1971 ; Crittenden et aL 1973; Pani & Payne, I973; Pani, I974a; Weiss, Boettiger & Love, I975) , the nature of the association between the gs and rye genes cannot readily be determined, and it is therefore necessary to eliminate the influence of the 1 ~ gene to study the association. Our line E (Pani, I976b) , which lacks the 1 ~ gene and carries the e * gene, is ideal for use in such studies.
In a previous study (Pani, i976b) , we elucidated the relationship between the tvb and rye genes. Using the same chicken lines and crosses we report in this study the association between the gs genes and genes that control susceptibility to infection with viruses of subgroups A, B and E.
Our results indicate that the gs + gene is not identical to the 1 ~ gene and that the tve and gs loci are linked, whereas the tva, tvb and tve loci segregate independently of each other. This study also confirms that the tve locus exists independently of the tvb locus (Pani, I976b) contrary to the view of other workers (Crittenden & Motta, 1975) . (-) in the genotype of line E indicates that the genes at the tva, tve and gs loci are not fixed. The dominant or recessive alleles of the locus can be replaced without any change in the phenotypic status of an individual.
METHODS
Chicken lines and test-crosses. (i) Line E. This inbred line (f~ 0"45) was synthesized from the cross between the two inbred Reaseheath lines I and C. The details of this line have been described elsewhere (Pani, I976b) . (ii) Line 7-2. This inbred line (f> o'95), a subline of line 7-2 of the Regional Poultry Research Laboratory (RPRL), East Lansing, Michigan, is maintained at Houghton Poultry Research Station (HPRS) as a closed flock and its details have been published elsewhere (Pani, I975a, I976b) .
The known genotypes of the four inbred lines, I, C, E and 7-2, are presented in Table I . Five test-crosses (TC) using the three inbred lines, C, E and 7-2, which were described in another study (Pani, I976b) , were as follows :-TC4: Line E x line C; TC5: Line 7-2 × line E; TC6: (Line 7-2 × line E) × line E; TC7: Line 7-z × (Line 7-2 × line E); TC8: (Line 7-2 × line E) x (line 7-z x line E).
The male is stated first in each test-cross and other details were described elsewhere (see Pani, I976b) .
These five test-crosses were chosen to study the association between the genes at the four loci, tva, tvb, tve and gs.
Virus strains. Bryan standard strain Rous sarcoma virus (BS-RSV) of subgroup A (Payne & Biggs, I966) and pseudotypes of Bryan high titre RSV of subgroups B and E represented by BH-RSV(RAV-z) and BH-RSV(RAV-O), respectively (Payne & Biggs, 197o; Payne et al. I97I) , were used to challenge the chick embryo fibroblast (CEF) cultures. Single stocks of virus strains were stored at -7o °C and used at appropriate dilutions in phosphate buffered saline (PBS) containing 5 % calf serum.
CEF cultures and challenge with viruses. Embryos from the five test-crosses and line E were cultured individually according to the method described by Temin & Rubin (1958) . Viscera from each embryo were saved, prior to setting up the primary cultures, to ascertain the gs antigen status in the COFAL test. Duplicate 5o mm plates of secondary cultures, seeded with o.8 × IO n cells/plate, were challenged separately with viruses of subgroups A, B and E. These were designated A-, B-and E-plates, respectively. Cultures of embryos of HPRS-Brown Leghorn of C/E phenotype (cells resistant to subgroup E but susceptible to subgroup A and B viruses) and of Japanese quail of Q/B phenotype (cells resistant to subgroup B but susceptible to subgroup E viruses) were used to check the potency of virus strains.
The A-and B-plates were challenged with IO 2"8 focus forming units (f.f.u.) of BS-RSV and RSV(RAV-2) respectively, incubated for 1 h at 37 °C and overlaid immediately with standard nutrient agar medium. The E-plates were treated with polybrene (2o/zg/ml 5 VlR 38 1,. K. PANI in secondary medium) for I h prior to challenge with a dose of lO 2.5 f.f.u, of RSV(RAV-O), incubated for I h and overlaid immediately with nutrient agar medium containing I ~/o inactivated chick serum and I ~o dimethylsulphoxide (DMSO). RSV-induced foci were counted IO days later. COFAL test. Extracts (25 %, w/v) of embryo viscera in PBS were frozen and thawed three times and clarified by slow speed centrifugafion. Twofold dilutions ranging from I : 2 to I : 32 were tested for gs antigen according to the method described by Sarma et aL (1964) and modified by Payne & Chubb (I968) . Two units of guinea pig complement and four units of complement-fixing antibody from hamsters bearing tumours induced by Schmidt-Ruppin RSV were used. Samples were assumed to be gs antigen negative when no complement-fixing activity was detected at the lowest dilution.
RA V-O assay. Random samples of pure line E and line 7-2 embryo viscera were used for RAV-O assay using the procedure described by Calnek & Payne (1976) . For this assay an established Japanese quail cell line known as I6Q (Murphy, 1977) kindly supplied by R. Weiss, Imperial Cancer Research Fund Laboratories, London, was used. Fifty percent of viscera homogenate prepared for the COFAL test was used as the test material to activate the I6Q cells appropriately prepared for the purpose. The supernatant fluid of each I6Q plate collected after 4 days was frozen and thawed for three cycles and centrifuged. The top I ml of individual fluid sample was added to HPRS Brl C/E and quail embryo cultures pre-treated with polybrene (2o #g/ml) for I h. After I h of incubation the quail plates were overlaid with agar medium containing 1% DMSO and 1% inactivated chick serum, and the Brl plates with standard overlay medium. Controls consisted of I6Q cells left uninoculated or inoculated with RAV-O derived from line IOO (kindly supplied by R. Weiss.)
Foci were counted after IO days of incubation of the quail and Brl cell cultures. The Brl cell cultures were used to eliminate the possibility of the presence of viruses of subgroups A, B, C and D.
Statistical analysis. The x2-analysis (Mather, 1951) was used to test for randomness in the association of genes at the four loci, tva, tvb, tve and gs. The details are discussed in the appropriate section (see Results).
RESULTS

Recognition of resistant and susceptible phenotypes
The recognition of phenotypes, resistant and susceptible, to viruses of subgroups A, B and E was made using the histogram method (Payne et al. I971; Pani, 1974b, I975a, I976b) . On the basis of the bimodal pattern of the distribution of focus counts of cultures (Table 2) , resistant and susceptible phenotypes to the three subgroup viruses were recognized as follows. C/A, C/B and C/E phenotypes (chick cells resistant to A, B and E virus subgroups respectively) were assumed when cultures had fewer than 5 (~ 0.8 log), 5 and 14 ( ~ 1.2 log) loci after infection with viruses of subgroups A, B and E, respectively (Table 2) . Hence cultures that had more than these numbers of foci were considered to be susceptible to viruses of subgroups A, B and E, respectively.
Because replicated cultures of individual embryos were challenged separately with viruses of A, B and E subgroups, embryos were classified under eight possible subclass phenotypes, C/O, C/A, C/B, C/E, C/AB, C/AE, C/BE and C/ABE. The C/O phenotype was used to designate susceptibility to the three virus subgroups.
Assignment of subclass phenotypes was based on the focus counts in cultures as described earlier, for example C/AE phenotype was allocated to the culture if it had fewer than 5 * Challenge dose of virus is io 2"3 f.f.u, for BS-RSV and RSV(RAV-2) and io z'5 f.f.u, for RSV(RAV-O).
and 14 foci in response to viruses of subgroups A and E, respectively, but more than 5 foci to subgroup B virus. The other subclass phenotypes were designated similarly according to the focus counts. Also, each subclass phenotype was characterized as either gs antigen positive (gs +) or gs antigen negative (gs-) on the basis of the COFAL test. Thus a total of 16 subclass phenotypes were recognized in certain test-cross populations, for instance in TC7 and TC8.
Analysis for the association between the genes at the four loci, tva, tvb, tve and gs
Randomness in the association between the genes at the four loci, tva, tvb, rye and gs, was tested in line E and test-crosses using the X~-contingency method of analysis, in the following six possible comparisons:
The last comparison will not be discussed because an association between the genes at the tvb and tve loci has been recently reported (Pani, I976b) .
Line E and test-crosses TC4, TCs and TC6
The genes at the tvb locus were not expected to segregate in these four populations (see Table 0 -Hence eight subclass phenotypes occurred, allowing for the test of randomness between the genes at the other three loci, tva, rye and gs, in the first three comparisons. The distribution patterns of the eight subclass phenotypes within these four populations are presented in Table 3 .
Line E
The frequencies for the recessive genes, a ~, e ~ and gs-, were estimated using the formula: R = (~-f) q~+fq, where R is the proportion of recessive homozygotes at the locus under consideration; q, the frequency of the recessive gene; and f, the inbreeding coefficient of the F~ generation embryos in line E (Pani, I976b, Table I ). For the estimation of the gene frequencies, it was assumed that genetic equilibrium for the association of the genes controlling the traits has been reached in line E. The frequencies of the dominant genes, a s, e s and gs +, were estimated by subtracting the frequencies of the recessive genes, a r, e r and gs-, from I-OO.
The estimated frequencies for the a ~, e 8 and gs + genes in the F5 generation are presented in Table 4 . It is seen that the frequency of the a 8 gene remained unchanged from the F2 4"I2"* I5"9I*** -5"48** I7"O5"** * Very few embryos were available for the x2-analysis. ** P < o'o5 (with Yates's correction factor for continuity). *** P < o-oI (with Yates's correction factor for continuity).
to the F5 generation, which was expected because no deliberate selection for the genes at the tva locus was made. On the other hand, the frequencies of the e ~ and gs-genes significantly increased during this period. Line E was synthesized from I × C cross, the I t gene being eliminated from the F2 generration parents by selecting for i~i~e¥~ and i~i~eSe " genotypes. In the F~ and later generations no selection for these genotypes was made and parents were mated inter se (see Pani, I976b) . Hence the frequency of the e s gene was expected to be greater than the value of o'5 (the theoretical frequency in the F~ generation) in the F3 and later generations. No selection was made to increase the gs-gene. The increase in the frequency of this gene could have been due to either random genetic drift (sampling variation caused by small population size) or an association between the genes at the rye and gs loci. The latter cause could be a factor for the change in the gs genes as a result of the selection for the tve genes.
By use of the X~-contingency table (2 × 2), random association between the genes at the tva, tve and gs loci were analysed in three possible comparisons, A-E, A-gs and E-gs. The X2-contingency analysis with a single degree of freedom is the test for the detection of linkage between the two loci under consideration [see Mather (I95I) for details]. The results of the analysis shown in Table 5 indicate that random recombination occurred between the genes at the two loci under test in the first two comparisons. On the other hand, for the third comparison the genes at the tve and gs loci did not recombine at random, as indicated by the significant X~-value (P < o'o5), suggesting the occurrence of linkage between the two loci.
Test-crosses TC4, TC5 and TC6
In Table 3 , genotypes of the parents of each test-cross are described based on previous knowledge of the genotypes of the three inbred lines (Table I ). The TC6 male was known to be of ere ~ genotype at the tve locus (Pani, I976b) , and his genotype at the tva and gs loci was determined in this study. It can be seen that the allocation of ara~gs-gs -genotype for the TC6 male was an excellent fit for the observed segregation of 27 A-susceptible and I4 A-resistant and of 2o gs positive and 2I gs negative phenotypes at the tva and gs loci, respectively [X2-value (tva) = I'95, P > o'o5; X2-value (gs) = 2-o2, P > o'o5; Table 3 ]-
The X2-contingency analysis showing the three comparisons similar to that of line E is presented in Table 5 . It is seen that a definite conclusion cannot be made on the basis of the X2-values in respect of paired comparisons because of inconsistency in significance. For instance, for the A-E comparison, the X2-value was significant in TC4 but not in TC6. Because very few embryos were available in TC5 and since the three test-crosses were assumed to be triple backcross between the parents of a~-eS-gs +-and ara*erergs-gs -genotypes (see Table 3 ), the results were pooled and re-analysed. The overall analysis, also shown in Table 5 , revealed that the genes at the tva and gs (A-gs comparison) and those at the tve and tva loci (A-E comparison) segregate at random, as indicated by non-significant X ~ values (P > o'o5). On the other hand, the •2-value of I7.O 5 (P < o.oI) for the E-gs comparison strongly indicated that the genes at the tve and gs loci did not segregate and recombine at random, suggesting a linkage between the two loci, and agreeing with the conclusion from the analysis of the line E results.
Test for linkage between the t,ve and gs loci TC4, TC5 and TC6 families can be regarded as backcrosses between double dominant and double homozygous recessive parents of genotypes e~gs +-and ere~gs-gs -, respectively (Table 3) . Hence the observed frequencies of C/O (susceptible to subgroup E virus) and C/E (resistant to subgroup E virus) phenotypes and of gs + and gs-phenotypes should conform with the estimated frequencies of the e s, e" genes at the tve locus and of the gs +, gsgenes at the gs locus, respectively, in line E. Also, under the assumption of independent assortment of the genes at these two loci, four subclass phenotypes C/O gs +, C/O gs-, C/E gs + and C/E gs-, should occur within each backcross family, and on a population basis, in accordance with the frequencies of the four distinct genotypes, e~-gs +-, e~-gs-gs -, e~'ergs +-and e~e~gs-gs -, respectively.
This hypothesis was tested on a population basis using the xZ-analysis (Mather, I95I ) shown in Table 6 . It can be seen that the numbers observed for the subclass phenotypes, C/O gs + and C/E gs + significantly deviate from the expected numbers causing the total X~-value to be highly significant (P < o.oI). The reason for the significant deviation was verified by the linkage analysis (Mather, I95I) shown in Table 7 . This analysis strongly supports the view that the tve and gs loci are linked, because the linkage component of the analysis was highly significant (X~-value = 23-88, P < o.oI). Nevertheless, the significant deviation of the single factor segregation ratio, e~: e ~, which was not expected, might have introduced some bias favouring the conclusion of linkage. This bias must therefore be ruled out by an appropriate test, which was accomplished by use of the x2-heterogeneity test (Mather, I95 0. For this test, the results of the two test-crosses TC5 and TC6, were pooled assuming them to be a single backcross family. The pooling was done to avoid any sampling variation caused by the testing of few embryos in TC5. (It should be pointed out that the results of TC5 and TC4 can also be pooled without any significant change in the conclusion because of the identity of the genotype of line 7-z and line C in respect of the rye and gs genes (see Table 3 ).) Thus the results of the two backcross families, TC4 and pooled (TC5 and TC6), were used for the x2-heterogeneity test.
The analysis shown in Tables 8 and 9 indicates that the two families were homogeneous in respect to the single factor ratios, e~: e" and gs+:gs -, as well as the linkage component, confirming that the tve and gs loci are linked. t The x2-analysis was based on the assumption that TC4, TC5 and TC6 were the backcross between eS-gs +-and e~ergs-gs -genotypes (see text and Table 3 ).
$ The expected frequencies were calculated using the frequencies of the e 8, e r and gs +, gs-genes in line E, as follows: eS~= 0"68; e ~ = o'32; gs + = o'38; gs-= o'62 (see text and Table 4 ). 
TC7 and TC8 populations
The segregation of genes at the four loci under study was expected in these two test-cross populations (see Table I ). The associations between the genes in three comparisons namely A-gs, A-B, and B-gs, were examined using a fourfold table (2 × 2) in the X%contingency analysis. However, this was not possible for the other two comparisons, i.e. E-gs and E-A, because the e ~ gene is not expressed when it is associated with b"b r genotype (Pani, I976b) . For this reason the xZ-method, as described by Kimball (I954) , was used to analyse the results in these two comparisons. A sixfold table (3 × 2) was constructed in which the three rows were represented by C/O, C/E and C/BE subclass phenotypes and the two columns by the alternate phenotypes at the genetic locus under consideration (C/O phenotype for the analysis was assumed to be susceptible to viruses of both subgroups, B and E).
The patterns of the distribution of I6 subclass phenotypes in TC7 and TC8 populations are presented in Table to , and the summary of the x2-analyses is shown in Table I L The conclusion that linkage is present between a pair of loci was based on a consistently significant X2-value in both test-crosses. The tve and tvb loci are therefore not linked, nor are the tvb and gs loci (Table r 0. The conclusion that the genes at the tva and tvb loci segregate independently is consistent with that reported by us (Payne & Pani, I97~; Pani, I975a) and by others (Crittenden et al. I967) . The randomness in the association between the tvb and gs genes also supports the results of Weiss 0969). On the other hand, the X 2-analysis indicates that the tve and gs loci are linked, as shown also in TC4, TC5, TC6 and line E populations.
Although the X2-vahies for the A-gs comparison were consistently significant in TC7 and TC8 populations, implying that the tva and gs loci are linked, they were not significant in TC4, TC5, TC6 and line E populations, suggesting that a linkage between these two loci in TC7 and TC8 could be fortuitous. Also, it can be seen that the XZ-values for the A-E comparison were significant in TC7 but not in TC8. Therefore, under the assumption of homogeneity of variance the results of TC7 and TC8 were pooled and re-analysed to improve the power of the test of significance and to eliminate sampling errors. It was observed that none of the X2-values for the comparisons, except for E-gs (X2-value = 9"50, P < o.oI), was significant, which upheld the conclusion that the tve and gs loci are linked (Table I I) .
Results of RA V-O assay
On the basis of this study it can be concluded that the gs locus is linked with the tve locus while segregating independently of the tva and tvb loci.
However, recently Crittenden, Motta & Smith (I977), extending their previous study (Crittenden et al. I974) , have provided evidence that there can be two possible reasons Linked relationship between tve and gs loci 7I Io'4o** 5'I8" 9"50** * P < 0"05. ** P < o.oi. Table I2 . Although our results of this study did not conflict with the proposition that the COFAL test, which was used to detect the gs status of chick embryo viscera, could have been biased upwards (see Discussion), it was however necessary to eliminate this possibility by ascertaining RAV-O expression in pure lines. Hence random samples of line E and line 7-2 embryos (because of infertility, line C embryos were not available) were assayed for RAV-O expression. The results are summarized in Table 12 . It is seen that 2 of 48 embryos of line E, which were gs negative, and none of 50 gs negative embryos of line 7-2 had RAV-O expression. From these results we conclude that line E probably carries the V gene of Crittenden et al. (I977) in a very low frequency which may not have biased the conclusion of linkage between the tve and gs loci because the single locus control of gs antigen expression was supported (Tables 7, 8 and 9)-
DISCUSSION
The most important conclusion that can be made from this study is that there is a linkage between the tve and gs loci. This further strengthens the concept of an independently existing tve locus. It is therefore possible to use the gs locus as a marker in the recognition of the tve locus in chicken lines which lack the F gene, as shown in this present study.
In a previous study (Pani, x976b) we reported that tvb and tve are two independently segregating loci, which is also confirmed in this present study. We assumed here that the tvb locus carries two alleles, b s and b ~" instead of multiple b ~ alleles as postulated by Crittenden & Motta 0975) in order to explain the B-E association. The evidence that linkage exists between the tve and gs loci whereas random association of genes at the tvb and gs loci occurs, rules out the possibility that the tvb locus in chicken lines of this study carries multiple alleles whose function is similar to that of the tve alleles.
A possible criticism of our interpretation is that the COFAL positive phenotypes in the pure lines and test-crosses could be biased upwards due to some chick embryos in line 7-2 and line C producing RAV-O, a subgroup E endogenous virus, under the control of a dominant gene distinct from the gs + gene recently reported by Crittenden et aL (1974, 1977) It would follow then that some of the COFAL positive phenotypes in the present study might have been gs positive because of RAV-O expression due to the presence of the V + gene or because of the presence of the gs + gene causing the gs antigen expression in the viscera or due to a combined action of these genes. Hence linkage between the tve and gs loci could be confused with a possible linkage between the tve and V locus. We believe, however, that the results of this present study are sufficiently robust statistically to eliminate the confusion in that a single locus explanation is fully supported (see analyses in Tables  7, 8 and 9)-There can be two possible causes why, in this study, a single locus control of gs antigen expression was upheld (Tables 7, 8 and 9): (I) line E either lacks the V gene of Crittenden et al. (1977) or carries it in a very low frequency; (2) the COFAL test does not detect RAV-O expression in viscera because of inadequate titre. The results of RAV-O assay (Table 12 ) provide evidence for both causes.
Our original study (Payne et al. 1971) did not permit us to differentiate between the I e and gs + genes because most of the gs + cells carrying the F gene were resistant to subgroup E virus. In attempting to explain the mechanism of cellular resistance of gs positive cells to subgroup E virus, we postulated that the I e gene, which masks the expression of the e 8 gene, could be identical to the gs + gene, and that the E-resistance may be due to an internal block imposed by gs + coded glycoprotein occupying the cellular virus receptors (Payne et al. 1971 ). This hypothesis was later supported by other workers (Crittenden et aL 1973; Crittenden & Robinson, 1975) . However, line E lacks the I * gene (Pani, I976b ) and yet, as reported in the present study, it is segregating for the gs + and gs-genes. This contradicts our earlier postulated relationship between the I " and gs + genes. We also reported that the chicken × quail hybrid embryos were susceptible to subgroup E virus regardless of the status of the chicken parent in respect of the I e or the gs ÷ gene (Pani, I975b) . The fact that gs positive cells lacking the 1' gene are not invariably resistant to subgroup E virus is clearly demonstrated in this current study as well as in studies reported earlier by us (Payne et al. 1971; Pani, I975b) and by others (Crittenden et aL 1973; Weiss, I969) .
Of the five tumour virus loci recognized in the chicken, the tva and tvc loci are shown to be linked (Payne & Pani, 1971 ; Pani, I974b; Dren & Pani, 1977) . This current study provides evidence that the tve genes controlling susceptibility to infection with exogenous virus of subgroup E and the gs genes regulating the expression of endogenous virus of the same subgroup are linked. Also, data of Weiss & Payne (1971) suggest that a locus closely linked with the gs locus controls the expression of the subgroup E envelope activity called chick helper factor (chf : Hanafusa et al. 197o) .
The evidence for a linkage between the tve and gs loci of this study and for a close linkage between the gs and chf loci of the study reported by Weiss & Payne (197I) suggests at least two possible explanations. The fact that the subgroup E virus exists in two forms, i.e. exogenously and endogenously (Weiss et al. 1971; Hanafusa et al. 1972) , whereas no other subgroup viruses have been shown yet to have the dual status, indicates that linkage between these genes could be a contributing factor in the maintenance of the dual status of the subgroup E virus. But the study by Crittenden et al. (1977) reporting that the dominant gene controlling the RAV-O production (endogenous E virus) segregates independently of the gs + gene, suggests that linkage between gs, chf and tve loci is perhaps not necessary for maintenance of the dual status of the subgroup E virus. However, it cannot be ruled out that the gene controlling RAV-O production could be linked with genes at the chf or rye loci, although our data do not provide information for testing these possibilities. The evidence for linkage between tve and gs loci in line E needs further testing with other chicken lines.
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